To protect humans, devices and maintain high reliability of electrical equipments, efficient earthing system has to be provided for residential and commercial buildings. The use of chemical elements around the electrode of earthing systems reduces the earth resistance which improves the efficiency of these systems. However, the use of these elements can't achieve very small earth resistance especially in the case of dry clay. In addition, they are expensive and not available all the time. This paper presents a method that treats the soil with adding the Dead Sea water instead of the chemical elements to further reduce the earth resistance and to avoid the expenses of these elements. In our approach, the Dead Sea water is added to a hole around the electrode with a distance not exceeding 10 cm to avoid the corrosion layer on the electrode. Practical measurements are demonstrated to show the efficiency of the proposed approach.
Introduction
As a result of the design errors, operational factors, air or insulation breakdowns, electrical shock accidents usually happen. Due to a large number of these accidents, earthing systems have taken a lot of research attention [1] . Good earthing systems reduce the results of damages and maintain high reliability of devices caused by lightning or fault currents [2] [3] . To reach good grounding system, the resistance in ohm between the grounding electrode and the earth has to be relatively small. As it decreases, the grounding connection improves. This resistance refers to earth resistance. The accepted value of the earth resistance differs from applications to applications. Some of them accept earth resistance of 25 ohm or less whereas others accept it of 3 ohm or less.
In the case of earth fault conditions, the low earth resistance enables the protection system to isolate the power source and makes the earth potential rise (EPR) less dangerous to humans [4] [5] . To improve the personal safety, the equipment protection and to maintain the continuity of the power supply, buildings have to be provided by such systems [6] [7] . These systems provide alternative and low resistance path for leakage or faulty current to flow [8] . It protects buildings from the effect of lightning and reduces the electromagnetic disturbances. Also, it is used as a reference voltage in case of measurements. Recently, a number of earthing systems have been proposed to improve the grounding connection efficiency [9] - [11] .
To reduce the earth resistance, chemical elements are added to the soil around the electrode [12] . However, these elements are expensive and sometimes can't ensure good grounding connection [13] . In this paper, we propose an earthing system that uses the Dead Sea water instead of the chemical elements. Experimental results show that significant reduction in the earth resistance has been obtained compared to the case without soil treatment.
Earth Resistance without Soil Treatment
Measuring the earth resistance is very important to ensure that it is equal or les the design required value of the building. There are many methods for measuring the earth resistance such as the 2-pole method, 3-pole-fall-ofpotential method, and 4-pole method. In this section, we introduce practical experiments for measuring the earth resistance in the field of National Electricity Company (NEPCO), Jordan. In these experiments, devices such as Hammer, Axe, Shovel, Electrode and Wires were used. In our experiments, the 3-pole-fall-of-potential method was used to measure the dissipation capability of a single ground electrode, ground grids, foundation grounds and other grounding systems. As shown in Figure 2 , an electrode of 120 cm length, diameter of 0.8 cm, steel-galvanized copper was used to connect devices with the earth. Also, two assistant electrodes C and P are used. These assistant electrodes were put at suitable distance from earth electrode E which is needed to measure the earth resistance. The assistant electrodes length was of 30 cm and the distance between E and P was at least 30 meters. Note that the soil of our experiment is a dry clay. The actual value of the ground electrode under the test can be obtained as V/I. 
Earth Resistance Based on Single Rode

Theoretical Calculations
We take the following values for the used components:
cm).  Distance between two electrodes (s = 2.4 m).
To calculate the earth resistance of a system consists of single electrode, the following equation is used
where ρ is the soil resistivity in (Ω⋅m), L is the length of electrode in (m) and d is the diameter of electrode in (cm). The calculated value of the resistance can be obtained as
Experimental Results
Initially, we inserted single electrode E in the ground at a several depths (40, 80, 100 cm). Let the distance between electrodes E and P = D EP and the distance between electrodes C and E = D CE . The measurements of the ground resistance were taken at D CE = 52%, 62%, and 72% of D EP as shown in Tables 1-3 . The relative error between the theoretical and the practical values for single electrode is given as theoretical value measure value Error 100% theoretical value
23.8 20.4 100% 14.3% 23.8
Earth Resistance Based on Parallel Two Rods
Theoretical Calculations
We calculate the earth resistance of a system consists of two electrodes in parallel as follows:
In the beginning, the earth resistance for a single electrode is given as 
where s is the distance between the electrodes and L is the length of electrode. When S/L = 2 and the number of electrodes N = 2, the correction factor value 0.94 η = and the calculated total earth resistance in the case of two electrodes in parallel is obtained as 32 17.02 0.94 2
Experimental Results
In this section, we insert two parallel identical electrodes having the same properties at a depth of 1 m. The two parallel electrodes are separated by 2.4 m. The measurements of the ground resistance were taken at D CE = 52%, 62%, and 72% of D EP as shown in Table 4 . It can be seen that the reduction cased by adding a second rod is small. Also, it is worthy of noting that in the case of single or 2 parallel electrodes, the earth resistance is relatively high. This is due to the fact that the soil used in the experiment is dry clay which has large resistance. However, in some environments, it is difficult to insert the electrode to deep distance. This is a big problem of the earthing systems.
The relative error between the theoretical and the practical values for two electrodes in parallel is given as theoretical value measure value Error 100% theoretical value
17.02 19.4 100% 13.9% 17.02
Proposed Method for Soil Treatment Using the Dead Sea Water
As demonstrated in Section 3, the measured earth resistance is relatively high. To reduce this resistance, the soil can be treated chemically by adding some elements such as magnesium, sulphate salt, copper sulphate, coal, salt, sodium chloride, iron filings and so on. However, these elements are expensive and the improvement obtained by addition of these elements is not significant especially when the depth of electrode is small. Therefore, in this paper, we propose a method that uses the Dead Sea water instead of these elements. Fortunately, the Dead Sea water contains all of these elements and many others and it is available any time. The concentration of the minerals, organic substances and water in the Dead Sea is equal to 62.4%, 22.4% and 15.2%, respectively. Table 5 shows the concentration of a number of elements in the Dead Sea. In our approach, the Dead Sea water is added to a hole around the electrode with a distance not exceeding 10 cm until a level of 30 cm from the surface of the ground as shown in Figure 3 . In this figure, the soil mixed with Dead Sea water is shown as a dark colour ring. This is to avoid the direct contact between the rod and the materials of the Dead Sea water which prevent the composition of corrosion layer.
To further reduce the earth resistance, we add the Dead Sea water with coal and iron filings as shown in Figure 4 . The coal and iron filings are not expensive and available. In some cases, the reasons of reducing the amount of water salt added in the hole are the floods and rain. So, the Dead Sea water has to be renewed every two years according to the porosity of the ground and the amount of rain.
Our approach can be used for the ring systems where large number of electrodes are inserted in deep holes. During the installation of these holes, some Dead Sea water is added to reduce the earth resistance. Also, it is recommended to put a plastic pipe contains small holes at the bottom around the electrode to protect it from corrosion. Table 6 presents the measured values of the earth resistance with addition of 5 litters of the Dead Sea water at electrode depth of 1 m. As expected, significant reduction in the earth resistance has been obtained compared to the case without soil treatment. Also, it is shown that the adding of the second rod decreases the earth resistance to approximately 77% of that in the case of single rod. This is a big advantage of our proposed method compared to the method that doesn't use the soil treatment.
Experimental Results and Discussions
To further reduce the earth resistance, we add the Dead Sea water with Coal and iron-filings which are not expensive and available. The earth resistance measurements in this case are shown in Table 7 . It can be noted that further significant reduction of the earth resistance is achieved.
As an extra example of our approach, we carried out a simple experiment in our college, Faculty of Engineering, Jordan, which is far 25 km from the NEPCO. In this experiment, we measured the resistance of inserted electrode used as a ground of a specific diesel generator. The length of this electrode is 1.2 m and has steel copper clad. The resistance of that electrode was 2.7 ohm. After we added some of the Dead Sea water to the soil around that electrode, the earth resistance was measured of 0.5 ohm. This verifies that the addition of the Dead Sea water significantly decreases the earth resistance which leads to very efficient grounding system.
Conclusion
In this paper, we proposed a method for soil treatment using the Dead Sea water which is not expensive and available all the time. The Dead Sea water has many elements used to decrease the earth resistance. Experimental results showed that significant reduction in the earth resistance is achieved in the case of soil treatment using the Dead Sea water compared to the case without soil treatment. Further reduction of the earth resistance was obtained by adding the Dead Sea water with cool and iron filings which are not expensive and available all the time. Also, it was noted that when a second rod is added, the earth resistance significantly decreases in the case of soil treatment compared to the case without soil treatment. Furthermore, the Dead Sea water can be added to reduce the earth resistance of the ring system where very small earth resistance is needed.
